This is an attractive title but it is not easy to talk about the effects of 'a parameter' which cannot be measured. What in fact is strain ? Stress, of course, is any demand made upon the living organism. Without stress, most of us would be very bored. Many people enjoy stress. Strain, however, can be interpreted as a state in which the person shows signs of impending breakdown, loss of performance or increasing unease.
It is generally agreed, and it has been well demonstrated, that in healthy people marked mental or emotional stress can evoke cardiovascular responses very similar to those of exercise. There is an increase of heart rate and stroke volume and the cardiac output is raised. There is also evidence of an increase of sympathetic activity and it is probable that the circulating catecholamines are increased.
It has been proposed recently, but not proved, that if there is stress where there is an element of fear or insecurity, adrenaline secretion is predominant and there is tachycardia, and an increased cardiac output with peripheral vasodilatation. If there is an aggressive reaction noradrenaline is secreted with a rise in peripheral vascular resistance and of the blood pressure.
Again, there is another cardiovascular response to sudden stress, that is, the 'faint' of the Victorian lady under emotional stress. Although many of these episodes were hysterical the true vasovagal attack is a very real thing. It usually occurs while standing, in people who are fatigued, have missed a meal, or are genuinely not well. Nervousness or emotional upset are certainly contributing factors. There is bradycardia and muscle vasodilatation with a marked fall in blood pressure and finally of cerebral blood flow with fainting. These attacks are not dangerous providing the subject does not remain in a vertical position after fainting.
If one studies people in situations of stress or strain, such as in traffic, one finds a whole variation of reactions of the cardiovascular system. Some show marked tachycardia, others show an increase in blood pressure, although a marked increase of diastolic blood pressure is relatively rare in people who are thought to be normal. Even experienced drivers if they are about to pass another car will show considerable tachycardia, as do pilots when coming in to land. The fit pilot or driver has a normal blood pressure but a slightly raised cardiac output at this time.
It is interesting that when a driver is about to pass another vehicle, it is at the moment that he has put his foot down, having decided and computed that all is well and that he will get through, that his heart rate begins to fall. In other words, decision and action relieve the strain and the cardiovascular system settles down again.
Exercise responses can also be invoked by merely thinking about violent exercise -I wonder whether Dr Bannister does that nowadaysjust as thinking about food can cause salivation. Again, people who are in a state of anxiety from any cause, for example chronic emotional anxiety, can, on occasions, show an exaggerated cardiovascular response to exercise. The neurocirculatory asthenia described by many authors probably falls into this category.
It is also claimed that acute emotional stress can precipitate arrhythmias, premature beats, paroxysmal tachycardias, and there are a few reports of auricular fibrillation. It is most unlikely that such people have entirely normal hearts.
Brod et al. (1959) have shown that a group which they have classified as pre-hypertensive people, often with a strong family history, respond to acute mental stress and to exercise by increasing their blood pressure abnormally. They postulated and gave evidence that the pattern of regional vasomotor responses and the redistribution of the cardiac output was abnormal.
There is no doubt, as all the doctors present know, that patients with relatively mild hypertension respond to stressful situations with an increase of peripheral vascular resistance and blood pressure. However, we have no definite evidenceand I would be interested to hear whether anybody thinks otherwisethat chronic mental stress or strain can cause established hypertension in a person who was previously healthy.
I would propose that in people with normal hearts, these circulatory changes during emotional strain and stress are of no more significance than those that occur in everyday life when exercising, crossing a room, walking about, going upstairs, during recreation, and so on. The circulatory system comes easily to 'action stations'. It is possible that the heart and circulation responding in this way and preparing for physical action which does not occur, or is inhibited by social circumstances, may be 'biologically' frustrating and that this may have undesirable effects. However, as I have already stated, nobody has actually proved that it is in any way dangerous or even undesirable in healthy people. It is only in patients with severely compromised hearts that these cardiovascular responses to emotional disturbance may actually be dangerous, just as exercise is dangerous. Pulmonary cedema can be precipitated in people with severe mitral stenosis and angina pectoris or even myocardial infarction in states of extreme excitement.
There is recent evidence that the aggressive, competitive, ambitious person is definitely more prone to coronary disease and myocardial infarction as compared with the timid, quiet person who does not want to get on or who knows that he cannot get on and accepts it. The reasons for this still remain quite obscure. It is almost certainly not a hmmodynamic cause, in so far as these people, when they develop coronary thrombosis, can be demonstrated to have diseased coronary arteries. Therefore, we are dealing with a more subtle long-standing pathological process.
Turning to the question of physical strain, there are, of course, two main types of exercise, as has been mentioned already by Professor Asmussen. There is the rhythmic, dynamic exercise such as walking or running, and static or isometric exercise such as occurs in wrestling locks or holding up weights. The immediate response to dynamic exercise is an increase in heart rate, a rise in cardiac output, a stroke volume increase of up to about 50%, even during moderate exercise in the erect posture. It is claimed by some workers that at the very high levels of exertion, the stroke volume rises still further, although this has not yet been fully agreed or accepted.
In leg exercise the muscle pump raises the venous pressure and increases the blood return. There is also an increase in general sympathetic activity. This increases the venomotor tone throughout the body, constricting and reducing the capacity of the capacitance vessels. This helps to prime the heart, particularly early in exercise, and slightly increases the circulating blood volume and effective red cell mass. The arteriovenous oxygen content difference (A-V 02 difference) is increased considerably, more oxygen being extracted from the circulating blood.
There is a remarkable linear relationship between the immediate oxygen uptake and the cardiac index which is maintained to a very high level of exertion in normal healthy subjects.
We are dealing here with an extraordinarily efficient pump. The filling pressures of the two ventricles of the heart remain relatively unchanged at all levels of exertion. This pump, therefore, produces enormous variations in flow and yet is a constant pressure system, the blood pressure remaining but little changed, not only behind the heart but also in the pulmonary artery and aorta. Older healthy people may show slight changes of pressure, both behind and in front of the heart, but these changes are relatively small.
The work of each ventricle, or at least of about 95 per cent of it, can be calculated by multiplying the flow by the forward pressure, assuming that the filling pressure is near zero. However, the heart is adapted to an increase in flow and can accommodate such increases with great ease. If, however, the forward pressure is acutely increased by giving drugs or by disease, then the heart will fail, although the amount of ventricular work is not greater than with a high flow and normal pressures. The heart of a fast miler or skier is under far less strain than that of a patient with quite modest arterial hypertension hurrying for a bus. Any abnormal increase of forward pressure is dangerous.
During exercise there is a considerable change in the contractility of the myocardium. This is thought to be due to the effect of catecholamines but some increase in contractility occurs whenever the heart rate increases. If there is extreme excitement and stress, the very high levels of catecholamines may even increase not only contractility but also the risk of arrhythmias.
During extreme exertion there is a marked redistribution of the cardiac output throughout the body. The blood vessels of the muscles involved in the exercise show a mandatory vasodilatation which appears to override all other neural or humoral influences. The factor causing this irresistible vasodilatation is not yet identified but it is thought to be due to chemical events within or near to the contracting muscles. Elsewhere in the body the non-exercising muscles, the kidneys and other viscera, show a reduction of blood flow on exercise. Brain circulation is always remarkably maintained even in patients with impaired cardiac output. Skin is initially vasoconstricted but vasodilatation occurs as body heat accumulates.
In the healthy adult, whether trained or untrained, there is no real evidence that any damage can be caused by even violently motivated competitive dynamic exercise. I am excluding heat stroke in very hot conditions, or athletes under the influence of drugs. This is really an obviousstatement in so far as, otherwise, intensely com-petitive running would be a condemned sport. It is claimed and believed that horses, or dogs specially trained on treadmills, will, if exercise is continued at a high level, go on until they develop ventricular fibrillation. I have never seen precise published evidence of this but I suspect that it is true. It is just possible that a human being might be motivated to continue at dangerous levels of exertion but without drugs it would appear to be unlikely. However, if drugs are given, then this may alter the degree of motivation by a dangerous degree and again certain drugs may increase the risk of cardiac arrhythmias.
One question which is frequently asked is whether champion athletes have any residual damage or are more prone to heart disease in later life. There is, as far as I know, no evidence of this. It is suggested in the literature that such athletes have, on the whole, slightly larger and well developed hearts but that they are still within the normal range. These retired athletes can suffer from degenerative diseases of the heart or blood vessels like any other people, but again it is reported that the incidence of such disease is somewhat less in these people. This may be because they are exceedingly fit to start with and most continue to lead a reasonable life with habits of exercise and moderation well ingrained.
Finally, I would like to mention a different type of exercise, isometric or static exercise. This type of exertion is encountered not infrequently and even unexpectedly in everyday life. It occurs while trying to open a window which has stuck, or moving a piece of heavy furniture, or lifting a heavy suitcase. It occurs not infrequently while gardening. In isometric exercise there are two important opposing events. First, the blood vessels in the muscle will dilate as with any other contraction, but this is complicated by the throttling of these blood vessels by the mechanical compression of the contracting muscles. There have been a number of studies of the cardiovascular effects of isometric exercise. Professor Asmussen is one of the important pioneers in this field. Donald et al. (1967) have carried out an extensive series of controlled studies of the effects of isometric exercise in the forearm muscles associated with handgrip. It is possible to measure the maximum voluntary contraction of which this group of muscles is capable and then study the circulatory changes which occur during, shall we say, 20 % and 50 % of the maximum contraction held for several minutes. A quite different type of cardiovascular response to that seen in free rhythmic exercise has been demonstrated.
There is a very marked rise in the mean arterial blood pressure which is sustained throughout the contraction. This rise in blood pressure is mainly due to cardiac acceleration but on certain occa-sions it is contributed by an increase in stroke volume or vasoconstriction. In isometric exercise of any significant level, fatigue sets in fairlyearly and this appears to be related to theof blood flow to meet the metabol d s of the muscles. The rise in blood presure does hdp, however, to maintain some perfusion of the isometrically contracting muscle and therefoedlays to some extent the rate of onset ofl igue. It is certainly a very powerful and predominant cardiovascular response that may have been related to combat situations in the past.
As a person grows older and more limited in his physical performance, he can appreciate suchsymptoms as shortness of breath and fatigue on exercise, and is able to adapt himself to such limitations. However, if he encounters a situation where he attempts to carry out a powerful isometric exertion, he is unable to measure or appreciate the sudden enormous strain which he is throwing on his heart and circulation.
Again, there is something compulsive about trying to move something very heavy. It is something very primitive. You suddenly get a ridiculous urge that you have got to do it or bust, and you may well bust. I finish by quoting from Lord Moran's book on Churchill:
'Washington, December 27th. "I am glad you have some," the Prime Minister said. He was in bed and looked worried. "It was hot last night", he said. "I got up to open the window. It was very stiff. I had to use considerable force. I noticed all at once I was short of breath. I had a dull pain over my heart. It went down my left arm. It did not last very long, but it has never happened before. What is it? Is my heart all right?"'
If that is what Churchill said, he was a very fine clinical observer. This isometric exertion by the Prime Minister nearly altered the history of the world. The mental strain of directing a world war did not give him angina pectoris, but trying to open a window did. The lesson we can learn is that with the cardiovascular system, physical reality counts more than the fears or fantasy. Professor Donald said that he had added this remark only because he had seen it suggested in two articles recently as a finding, although both authors had said that it was not proven.
REFERENCES
Dr J E Cotes (Cardiff) asked if Professor Donald would like to comment on the position of subjects, formerly inactive, who started taking an increased amount of physical exercise in middle age. This had happened during the war and it was happening again now as people were becoming more aware of the importance of exercise.
Professor Donald said that this was not within his brief for the present Symposium and it was rather a difficult point to answer precisely. It was agreed by all who had studied a large series, particularly in the United States, that moderate exercise, taken regularly, was of great value and even to some extent prophylactic with regard to coronary arterial disease, or at least the manifestations of it. As for violent exercise, however, if a man suddenly decided to climb a mountain at the age of 50 he would be looking for trouble. But if such people should lose weight, be more concerned about their health and take moderate exercise nothing but good would come of it. There was also no doubt, as had been shown, that even in the case of people who were 'beyond hope' in their fifties, if their exercise tolerance were increased and their maximum VO, increased, and their exercise pulse rate reduced they would become fitter people. This could be achieved without indulging in dramatically high levels of exercise.
In reply to a questioner regarding the distinction between initial heart rate due to mental effort and that due to actual physical exercise Professor Donald said that a number of people began to show changes just as soon as they started to think about exercise. It was known that good runners often had a marked tachycardia before they left the starting-block. The one way of distinguishing what was due to the psyche and what was due to the demands of the body would be to study a man after giving him tranquillizers, and then to study him without these. Again, such drugs might have direct effects on the cardiovascular system.
The Chairman said he also was interested in the question. He recalled being at Hampden Park when Lord Burghley was due to run in the hurdles against some very indifferent Scottish hurdlers. Lord Burghley had been in a state of great emotional stress, and Professor Donald had said that emotional stress could equal physical stress. Although the Chairman did not know that at the time, he had assured Lord Burghley that there was no need for him to worry, he could do the race in 14-3 seconds and nobody else present could have done it in under 14-7. Lord Burghley's attitude was that if he didn't get worked up he would not be able to run a good race. This was known to be true, and it would be an interesting experiment for anyone interested to compare the performance of people who had an emotional stress before they had physical stress with those who had no emotional stress prior to encountering considerable physical stress.
It might have been observed recently, in watching astronauts on television, that one man's pulse rate never altered when the engines went wrong. There must, however, be some athletes able to start a race without being emotionally upset beforehand. Therefore, there must be some difference in the equation, but it was a very esoteric argument.
Professor Donald said that it was a fact that some athletes got excited while others did not. Some, if they did not get excited would not run well, but the finest test of performance for an individual was the degree of exhaustion at the end.
Group Captain C B Wynn-Parry (London), referring to the remarks made by Dr Cotes on the interest taken in getting the less young fit, said that there was a great vogue for isometric exercises -5 B.X. and variants. He asked whether Professor Donald would comment on whether it would be advisable for people starting this sort of isometric exercise in middle life to consult their doctor and have a cardiovascular check before doing so. From what had been said this form of exercise might possibly be quite dangerous.
Professor Donald pointed out that in fact the majority of isometric exercises were rather gentle. Even 25 % of maximum voluntary capacity was quite fierce and would be difficult to keep up for more than about five minutes. If isometric exercise were violent it could be dangerous. However, most of it was relatively gentle.
The question had been studied, and the levels reached were really only about 10% of the maximum voluntary capacity and were rarely dangerous. Obviously if they were done violently a man might do harm to himself, but on the whole, though it was easy to condemn such exercises, they were not usually of a dangerous degree. We are faced with a pandemic of coronary heart disease (CHD), and only through understanding its etiology can we hope to achieve prevention. Three changes in our mode of living stand out as major suspects: the enrichment in quantity and quality of our diet, the prevalence of cigarette smoking, and the declining level of physical activity. This paper considers the possible role of physical activity as a protection against CHD.
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